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The paper describes the development of a hybrid behaviour-oriented/data-driven shoreline evolution
model. The model is based on a form of advection–diffusion formulation widely known to describe
shoreline change. The approach breaks down the model governing equation into two parts, one
describing the contribution from time-averaged wave-driven processes through a spatially varying
diffusion coefﬁcient and the other describing time-varying wave contributions and all other processes
that contribute to shoreline change, through a source function. Both the diffusion coefﬁcient and the
source function are site-speciﬁc and unknown. Historic incident wave measurements are used to
determine the diffusion coefﬁcient at a given site. The source function is derived by the inverse solution
of the model governing equation using historic shoreline surveys. The method is demonstrated for
Colwyn Bay beach at Conwy Bay in North Wales, UK. For drift-dominated shorelines, the technique can
isolate the contributions of cross-shore and long-shore transport to shoreline change over a range of
timescales, which is critical in implementing coastal defence measures.
& 2013 Elsevier Ltd. Open access under CC BY license.1. Background
Coastal morphology changes as a result of complex and non-
linear interactions between coastal sediments and dynamic pro-
cesses such as wind, waves and tides. These interactions occur
over a range of time and space scales thus making it a multi-scale
phenomenon. The intrinsic uncertainty involved with dynamic
process and the complexity and non-linearity of process interac-
tions makes predictions of coastal change extremely challenging
beyond short term time scales (De Vriend et al., 1993; Larson and
Kraus, 1995).
To determine short-term, local-scale coastal morphodynamic
change, two- or three-dimensional hydrodynamic models coupled
with sediment transport and bed updating modules are used (Van
Rijn et al., 2003; Roelvink et al., 2001; and many others). These
models are very useful tools for understanding and assessing local
scale coastal dynamics at short time scales. But, they have inherent
limitations when applied to large scale and longer term time scales,
as a result of process uncertainties and great sensitivity to initial
conditions. Large scale and medium- to long-term predictions of
beach change are extremely important in making informed coastal
engineering and management decisions. However, it is precisely such
predictions that are so difﬁcult to make. Various approaches have
been used for predictive modelling of coastal morphodynamics.k (H. Karunarathna),
Y license.One option is to run detailed process models, coupling hydrody-
namics and sediment transport formulations, to simulate over long
periods of time. Whilst attractive in terms of their physical
principles and generic applicability, detailed process models are
(a) computationally expensive; (b) dependent on having or creating
suitable data for boundary conditions; and (c) prone to be sensitive
to the speciﬁed initial conditions. These constraints have
encouraged the development of models that have been termed
‘behaviour-oriented’ in the coastal engineering literature (e.g.,
Pelnard-Considere, 1956; de Vriend et al., 1993) and ‘reduced
physics’ in the geomorphological literature, (e.g., Murray and
Paola, 1994; Coulthard et al., 2002). In this type of model some
elements of the physics are retained in order to reduce computa-
tional costs and simplify the dynamics on the assumption that the
broad scale morphological changes will be captured. They use
simpliﬁed governing equations that exhibit the behaviour of the
application. Good examples of such models in the current context
are the 1- or N-line shoreline evolution models (Pelnard-Considere,
1956; Hansen and Kraus, 1989; Hanson et al., 2003; Dabees and
Kamphuis, 1998) and cross-shore proﬁle evolution models of Stive
and de Vriend (1995) and Niedoroda et al. (2001).
A more drastic alternative is to argue along the lines that the
coastal system is moving towards some state in which it can be
considered to be in equilibrium with the prevailing physical pro-
cesses. This tends to lead to simple and easily computed results
which can indicate likely trends in shoreline movement, but provide
no dynamical prediction. Traditionally, equilibriummodels have been
used to determine explicit predictions of long term beach plan shape
(Hsu and Evans, 1989; Uda et al., 1986) and cross-shore proﬁles
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Fig. 1. Schematics of the shoreline evolution model governing equation.
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to be useful tools for deﬁning trends in coastal change, they lack
physical descriptions of the processes involved.
Another alternative is extrapolation of observed behaviour
gleaned from observations, sometimes called ‘data-driven’ model-
ling. Typically, the system state variables are linked with only a
limited acknowledgement of the physical processes governing the
system. A simple example would be a linear regression model. The
performance of such models is highly dependent on the quality of
the observations and predictions will usually be restricted to
conditions that fall within the range deﬁned by the observational
dataset. Nevertheless, data-driven approaches have had some
success in predicting medium to long term shoreline change when
ample data are available at a site, (see e.g., Różyński, 2003; Reeve
et al. 2008; Horrillo-Caraballo and Reeve 2008, 2010).
Generally speaking, physically-basedmodels are more accurate and
more generic. The problem is that sometimes it is not possible to build
trustworthy models. In such cases, if the observational data is
available, behaviour-oriented or data-driven models may be a suitable
alternative. A general knowledge of the underlying physics of the
problem is of course needed for the proper choice of relevant
parameters, but this knowledge may not be sufﬁciently speciﬁc for
detailed process-based models. This has led to experimentation with
‘hybrid models’ that combine elements of two or more model types
such as those proposed by van Goor et al. (2003), Karunarathna et al.
(2008), Townend (2010), Reeve and Karunarathna (2011), and
Spearman (2011) for estuaries and tidal inlets. Similarly, hybrid
approaches have been developed to model coastal change by combin-
ing reduced physics models with data-driven approaches to para-
meterise certain key processes in coastal morphodynamics. Requejo
et al. (2008) combined different long-shore and proﬁle models to
describe the evolution of a beach area. Karunarathna et al. (2009,
2011), developed a hybrid method to determine cross-shore beach
proﬁle change over medium-term time scales.
This paper describes the formulation of a hybrid model combining
a form of advection–diffusion equation with a data-driven approach
to describe beach plan shape evolution at medium-term timescales, i.
e., of the order of years to a decade. The long-shore transport
component is described from nearshore wave observations and the
cross-shore component is parameterised using historic shoreline
surveys by making use of an inverse modelling technique. Section
2 describes model formulation. In Section 3, the ﬁeld site used to
demonstrate the method is described. Results are discussed in
Section 4. Section 5 concludes the paper.2. Modelling approach
The model builds upon the formulations used by Pelnard-
Considere (1956) and Larson et al. (1995). The governing equation
used to describe beach plan shape evolution relative to a ﬁxed line
of reference is a form of advection–diffusion formulation
∂y
∂t
¼ ∂
∂x
Kðx; tÞ ∂y
∂x
 
þ Sðx; tÞ ð1Þ
Eq. (1) describes spatial and temporal variation of shoreline
position y(x,t) deﬁned relative to a ﬁxed reference line at a
longshore location x. t is time. K(x,t) is interpreted as the space-
and time-dependent diffusion coefﬁcient which relates the
response of the shoreline to the incoming wave ﬁeld. S(x,t) is a
space- and time-dependent source function which describes all
processes that contribute to shoreline change other than incident
waves. That includes tides, wave induced currents and other
anthropogenic impacts. Therefore, K(x,t) and S(x,t) are the key
parameters that govern the success of the model. The schematic of
the model is shown in Fig. 1.Both K(x,t) and S(x,t) are site speciﬁc unknowns that must be
determined before applying the model to a given beach. If suitable
parameterisations for these two unknowns can be found then, the
model governing equation can be used to predict shoreline change
by time-stepping the equation into the future. Here, the primary
aim is the demonstrate a methodology for determining both K(x,t)
and S(x,t) from observations.
Solving Eq. (1) to ﬁnd K and S simultaneously, given a sequence
of observations of beach plan shape is a challenging mathematical
problem. Avdeev et al. (2009) describe a method for simulta-
neously deriving the source function and diffusion coefﬁcient,
based on advanced optimisation techniques, in a coastal proﬁle
evolution equation. In their equation the diffusion coefﬁcient is
outside rather than part of the diffusion operator. This simpliﬁes
the mathematics and permits a simultaneous inversion. Here, we
adopt an approximate, two stage method to parameterise K(x,t)
and S(x,t). The procedure starts with Reynolds expansion of the
model variables. Thus the variables are written as a summation of
a time averaged component and a time-varying residual
Kðx; tÞ ¼ KðxÞ þ K′ðx; tÞ
Sðx; tÞ ¼ SðxÞ þ S′ðx; tÞ
)
ð2Þ
In Eq. (2), over-bar denotes the time-averaged components and
the prime denotes time varying residuals. Eq. (1) can then be
rewritten to give
∂yðx; tÞ
∂t
¼ ∂
∂x
KðxÞ þ K′ðx; tÞ  ∂yðx; tÞ
∂x
 
þ SðxÞ þ S′ðx; tÞ ð3Þ
If all terms with time-varying residual component of the
diffusion coefﬁcient were embedded in the unknown source
function, Eq. (3) can be written in terms of a new unknown source
function G(x,t) as in the following equation:
∂½yðx; tÞ
∂t
¼ ∂
∂x
KðxÞ ∂yðx; tÞ
∂x
 
þ Gðx; tÞ ð4Þ
where
Gðx; tÞ ¼ ∂
∂x
K′ðx; tÞ ∂yðx; tÞ
∂x
 
þ SðxÞ þ S′ðx; tÞ ð5Þ
The new source function G(x,t) now contains the residual
component of wave-induced stresses and contributions from tidal
and other morphodynamic drivers to beach change.
Eq. (4) forms the modiﬁed governing equation for describing
beach plan shape evolution. The physical interpretation of Eq. (4)
is that the ﬁrst term in the right hand side of Eq. (4) determines
the morphodynamic response of the shoreline to the time-
averaged incident wave climate. This is mostly associated with
longshore transport and hence shoreline change at time scales
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wave events, seasonal variation of incoming wave climate and
other non-wave driven impacts are modelled by the second term.
This may be associated with cross-shore transport and short term
residual shoreline change.
The success of the model strongly depends on the ability to ﬁnd
suitable parameterisations for KðxÞ and G(x,t). The methodology
we propose to determine KðxÞ and G(x,t) involves historic mea-
surements of incident wave climate and shoreline surveys, and is
described below.
2.1. Mean diffusion coefﬁcient KðxÞ
As a ﬁrst approximation, we assume that shoreline plan shape
change is primarily governed by longshore transport. Therefore,
we can write the following expression for diffusion coefﬁcient,
following Larson et al. (1997):
Kðx; tÞ ¼ 2Q0
Dc
ð6Þ
In Eq. (6), Q0 is the amplitude of longshore sediment transport
rate and Dc is the depth of closure. Here we use the CERC equation
for longshore transport (Shore Protection Manual, 1984) to deter-
mine Q0(x,t).
Q0 ¼
ρ
16
½Hbðx; tÞ2cgb
Kn
ðρsρÞλ
ð7Þ
where ρ is the density of seawater, ρs is the sediment density, Kn is
empirical coastal coefﬁcient, λ is porosity of the beach, cgb is wave
group velocity at wave breaking point and Hb is wave height at
wave breaking. Q0 is a function of Hb and therefore varies with
time and space.
The depth of closure, Dc, can be determined form the incoming
wave climate using the equation (Hallermeier, 1982)
Dc ¼ 2:28Hs1268:5
Hs12
gT2s
ð8Þ
where Hs12 is mean of the highest 1/12th wave heights and Ts is
the associated wave period.
Once the time history of incident waves are known then Q0 can
be determined from Eq. (7), which can then be used in Eq. (6) to
derive K(x,t). The time mean diffusion coefﬁcient KðxÞ may be
obtained by averaging K(x,t).
2.2. Source function G(x,t)
Once KðxÞ is determined following the procedure described
above, the inverse solution to Eq. (4) is sought to recover the source
function G(x,t). The inversion procedure relies on historic measure-
ments of shoreline positions. The inverse solution to Eq. (4) can be
given as follows.
For convenience, Eq. (4) is re-written in operator notation to
give
yt ¼Dþ G ð9Þ
where D is the Laplacian operator
D¼ ∂
∂x
KðxÞ ∂y
∂x
 
and yt is the time derivative of y.
Assuming that the time variation of G(x,t) during two successive
historic shoreline measurements small enough to be neglected, the
formal discrete inverse solution of Eq. (9) to the ﬁrst order can be
written as (Spivack and Reeve, 2000)
yðxi; tjþ1Þ≅ðexpðDτÞ1ÞD1Gðxi; tjþ1=2Þ þ expðDτÞyðxi; tjÞ ð10Þwhere τ is the time interval between two consecutive time steps tj
and tj+1 and, y(xi,tj) and y(xi,tj+1) are the shoreline positions at the
ith longshore node at (j)th and (j+1)th time steps respectively. The
exponential terms are differential operators acting on the functions
G(x,t) and y(x,t). Using a ﬁrst order approximation of exponential
terms, an explicit expression for the source function G(x,t) may be
found from Eq. (10) to be
Gðxi; tjþ1=2Þ ¼
1
τ
yðxi; tiþ1ÞexpðDτÞyðxi þ tjÞ
  ð11Þ
Given a time series of shoreline position y(x,t) and time mean
diffusion coefﬁcient K ðxÞ, a time series of the source function G(x,t)
can be recovered from Eq. (11).3. Field site
Colwyn Bay beach in North Wales, UK was selected as the study
site. This site was speciﬁcally chosen as the Colwyn Bay shoreline is
subjected to substantial variability as a result of morphodynamic
process where shoreline recession of 0.69 m/year has been observed
at unprotected parts of the beach. In addition, (a) there are good
records of waves and beach positions; (b) it has a clearly deﬁned
longshore extent and (c) there are some rock groynes on the beach
that provide the potential for interrupting longshore drift and causing
some cross-shore transport. Colwyn Bay forms a part of the Conwy
Bay beach system in North Wales. The beach is bounded by two
headlands, Rhos-on-Sea to the west and Penmaen Head to the east.
The longshore movement of sand is largely conﬁned between these
two headlands. The beach exhibits signiﬁcant changes in shape. The
beach has been extensively monitored by Conwy County Borough
Council, UK as a part of a sustainable development and coastal
management plan (Halcrow Maritime, 2000). As a result, it is rich in
historic ﬁeld measurements, including bathymetry and shoreline
surveys, water level measurements and incident wave records. Fig. 2
shows the location of Colwyn Bay in the UK, an aerial view of the
beach and a view looking towards Rhos-on-Sea.
3.1. Morphology
Colwyn Bay comprises a wide, sandy beach with a thin surface
layer of coarse material. The beach is about 3 km long. The beach
sand has a median grain diameter (D50) varying between 0.2 and
0.4 mm. A part of the beach is fronted by a promenade. The
gradients of the upper and lower beaches are about 1:10 and 1:60
respectively, (Wallingford, 1988).
3.2. Beach surveys
Colwyn Bay beach has been surveyed by Conwy County Borough
Council during the period between 2001 and 2005, at six monthly
intervals. The surveyed data, were compiled into bathymetry maps
relative to chart datum and provided by Conwy County Borough
Council. It should be noted that the eastward beach segment of
the Colwyn Bay close to Penmaen Head was not covered in these
surveys as it is maintained by other authorities. The shoreline of
Colwyn Bay beach varies considerably, particularly in the region
2500 moxo3500 m.
All bathymetry survey maps were digitised to determine the
mean high water neap (MHWN) contour, which was taken as the
‘shoreline’ in the current approach. All shoreline contours were
then transformed to a new Cartesian coordinate system where
x- and y-coordinates correspond to longshore and cross-shore
directions respectively. The coordinate-transformed shorelines are
shown in Fig. 3. The shorelines were then interpolated to uniform
20 m longshore intervals, using the Akima interpolation routine
Fig. 2. (a) Colwyn Bay beach and its location in the UK and (b) a view of the bay.
0
500
1000
1500
2000
2500
3000
1500 2000 2500 3000 3500 4000 4500 5000 5500
y
 (
m
)
x (m)
Nov 2003 Oct 2001 June 2002 Oct 2002 July 2003
May 2004 Nov 2004 Feb 2005 Nov 2005
Fig. 3. Shoreline survey results at Colwyn Bay from 2001 to 2006.
H. Karunarathna, D.E. Reeve / Continental Shelf Research 66 (2013) 29–3532(Akima, 1969). This is a continuously differentiable sub-spline
interpolation built from piece-wise third order polynomials. This
was necessary as the method used to recover the source function
demands shoreline data at uniform longshore intervals.
3.3. Hydrodynamics
The bay is exposed to waves arriving from the west to north-
west direction. The predominant wave direction makes an angle of
less than 451 with the bottom contours. Deepwater wave condi-
tions off the coast of Colwyn Bay have been derived by wave
hindcasting using UK Meteorological Ofﬁce wind data at Squires
Gate, Liverpool, UK, from 1979 to 1987 (HR Wallingford, 1988). The
offshore hindcast wave records have then been transformed to
near-shore, using the HR Wallingford wave transformation model
‘OUTRAY’ (HR Wallingford 1988). During a follow-up study, Conwy
Council derived wave data at 5 near-shore locations along Colwyn
Bay, using hindcasted offshore directional wave data from 1986 to
2006. Fig. 4 shows near-shore wave points along the Colwyn Bay.
Colwyn Bay experiences semi-diurnal tidal ﬂuctuations. Tidal
information for the Colwyn Bay area has been derived by inter-
polating Admiralty tide tables at neighbouring Llandudno and
Hilbe, North Wales. The coast is macro-tidal, with the mean tidal
range being 7.2 m at spring tides and 3.5 m at neap tides. Mean
water level is 4.38 m above chart datum. Mean high water spring(MHWS) is +3.88 m and mean low water spring (MLSW) is
3.32 m relative to chart datum, (Halcrow Maritime, 2000).4. Results and discussion
4.1. Diffusion coefﬁcient K(x)
In order to determine the diffusion coefﬁcient, the Colwyn Bay
shoreline was divided into four beach segments BS1, BS2, BS3 and
BS4, where each segment corresponds to nearshore wave points 1,
Fig. 4. Nearshore wave points along the Colwyn Bay beach.
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Fig. 5. Longshore variation of mean diffusion coefﬁcient along the Colwyn Bay.
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Fig. 6. Spatial variation of the source function envelope along the Colwyn Bay.
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depth of closure for each shoreline segment, using available wave
data from 1986 to 2006, at wave points 1, 2, 3 and 4. Depth of
closure and the incident waves at wave breaking were then used
to determine Q0 from Eq. (6). The coastal coefﬁcient, sediment
density and porosity of the beach sediment were taken as 0.55,
2650 kg/m3 and 0.2 respectively, which are typical values recom-
mended for sand beaches (Coastal Engineering Manual, 2002).
The wave group velocities at wave breaking were determined from
linear wave theory, for each element of the hindcast sequence.
Q0 was then used to determine diffusion coefﬁcient K(x,t) at
20 m intervals along the beach. Then the time-mean diffusion
coefﬁcient K(x) was determined by time averaging K(x,t). The
longshore variability of K(x) is shown in Fig. 5. The mean shoreline
is also shown in the ﬁgure for clarity. It can be seen that K(x)
slightly increases from the west to east of the bay, indicating
stronger long term shoreline variability in the east side of the bay
as a result of longshore sediment transport. The calculated values
of the mean diffusion coefﬁcient K(x) are of the same order of
magnitude with values found by Masselink and Pattiarachchi,
(1998), [of the order of 0.005–0.018 m2/s for a micro-tidal sandy
beach in Australia], and Huthnance (1982), [of the order of
0.003 m2/s for offshore sand banks in Gt. Yarmouth, UK].
4.2. Source function G(x,t)
The time- and space-varying source function G(x,t) given by
Eq. (11), is the ﬁrst-order inverse solution of Eq. (4). In using
Eq. (11), it is assumed that the variability of the source function
between two consecutive time steps (i.e., within the time interval
between two consecutive shoreline surveys) is negligibly small.
Once solved using consecutive pairs of shoreline surveys at time τ
apart, Eq. (11) provides a discrete time series of spatially varying
source functions along Colwyn Bay.
Eq. (11) is solved on a discrete grid of 20 m spacing in the
longshore direction. The time step used was 180 days (approxi-
mately 6 months), which is the time interval between measured
shoreline surveys. It has to be noted that the source function
cannot be resolved at a higher frequency than the frequency of
shoreline measurements.The source function contains a collection of forcing contribu-
tions to shoreline plan shape change. This primarily includes the
time dependent residual of the incoming waves, the effects of
tidals, wave induced currents and any other anthropogenic
impacts. Fig. 6 shows the spatial variation of the envelope of all
source functions derived using Eq. (11). The envelope of shoreline
change, determined directly from measured shoreline surveys,
is also shown in the ﬁgure. The two envelopes are distinctly
different, especially for 2500 moxo4000 m. As the source func-
tion relates only to process drivers other than waves and to the
short term residual wave component, this indicates that a sig-
niﬁcant proportion of shoreline change in Colwyn Bay takes place
as a result of net long term effect of incident waves. It is also
evident that shoreline variability of beach segment between
changes 2.3 km and 3.7 km is particularly susceptible to long term
averaged wave effects.
Variation of the source function in time is associated with short
term wave impact on shoreline variability. In Fig. 7, time variation
of G(x,t) at all longshore locations and its envelope (top panel) and
incident waves measured during the same period (bottom panel)
are shown. In Fig. 7 (top panel), each individual curve corresponds
to the time variation of G(xi,t) for a ﬁxed point xi along the shoreline.
Where the overall beach is concerned, consistent seasonal ﬂuctua-
tion is clearly evident in the source function envelope with notice-
able increase during winter months. This corresponds to high
energy seas (see Fig. 7 bottom panel).
Fig. 8 shows time variation of the space-integrated source
function
R
xGðx; tÞdx along the bay. Even though the magnitude of
space-integrated source function varies in time it remains negative
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Fig. 8. Time variation of space-integrated source function.
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R
xGðx; tÞdx
is 2.68 m/day. This illustrates that even though G(x,t) has a strong
seasonal signature, it also contains a long-term trend of shoreline
recession associated with coastal morphodynamic drivers other
than long term wave effect. Applying the average value along the
3.1 km shoreline yields an average rate of shoreline recession of
0.315 m/year. The average rate of beach recession calculated directly
from shoreline survey measurements is 0.69 m/year. This means that
the residual wave effects and all other morphodynamic drivers such
as tides and wave induced currents which are included in the source
function contributes to around 50% of sediment transport. The
remainder may be attributed to the net effect of long term wave
incidence, when the changes associated with wave incidence are
averaged over a long time period.5. Conclusions
Understanding of the shoreline variability as a result of cross-shore
and longshore sediment dynamics and the importance of developing
the ability to model them accurately at multiple timescales is well
established in the literature (de Vriend, 1987; van Rijn et al., 2003 and
many others). The research presented in this paper uses an advection–
diffusion type equation to describe shoreline change at yearly time-
scales. In the advection–diffusion formulation, shoreline change
from long-termwave effects is modelled through longshore-varying
diffusion coefﬁcient. A time and space-varying source function
determines contributions from residual wave effects, tides and all
other anthropogenic drivers. Both the diffusion coefﬁcient and the
source function are site-speciﬁc and need to be determined from
historic measurements. Therefore, this type of formulation can be
considered as a hybrid approach combining behaviour-oriented and
data-driven models for describing shoreline evolution.
Although not demonstrated in this paper, methodology can be
used to predict shoreline change at a range of time scales, once
suitable parameterisation of the diffusion coefﬁcient and the
source function are established. However, the level of details that
could be modelled at a given site at a given time scale may vary on
the precision, frequency and the length of historic data available
on site climate at the chosen site. The implementation of the
method is straightforward and extremely computationally efﬁcient.
Although the focus of this paper is to discuss and assess the
methodology, the method can, in principle, be used to predict future
shoreline change given that past site climate would not signiﬁcantly
change in future. Thus, given KðxÞ and suitable parameterisations or
forecasts of G(x,t), Eq. (4) can be solved forward into the future to
predict future shoreline change.
In this paper, the methodology was demonstrated using his-
toric measurements of shoreline change and incident wave climate
at Colwyn Bay beach in North Wales, UK. The longshore varying,
time-mean diffusion coefﬁcient was determined from incident
wave measurements, which was then combined with historicshoreline change measurements to derive the source function,
using an inverse technique.
The diffusion coefﬁcient determined from incident wave data at
Colwyn Bay is in very good agreement with the diffusion coefﬁ-
cients derived by previous researchers from ﬁeld investigations at
beaches with similar sediment composition (Masselink and
Pattiarachchi, 1998). Here, the diffusion coefﬁcient relates longshore
transport contribution associated with long term net wave effect to
shoreline change. The time and space-varying source function
indicates that a signiﬁcant proportion of shoreline change takes
place as a result of short term variability of wave climate and tidal
ﬂuctuations with a strong winter–summer seasonal signature. This
attributes to the cross-shore transport contribution to residual
shoreline change at shorter time scales. As a result of the relation-
ship of the diffusion coefﬁcient and the source function with long
term shoreline change associated with longshore transport and
short term change associated with cross-shore transport respec-
tively, a notable feature of the method is its ability to distinguish
cross-shore and longshore transport contributions to shoreline
change at different time scales, which is extremely useful in
planning and implementing suitable coastal defence options.Acknowledgement
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